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1964; NAAKTGEBOREN, SLIjpER 1970): Die Tragzeiten sind besonders lang; dement-
sprechend zeigen die Jungen schon bei der Geburt einen hohen Reifegrad (offene
Augen und vollstindige Behaarung) und ein hohes Maf} an Bewegungskoordination.
Wie die Untersuchungen an Meerschweinchen gezeigt haben, ist die Homoiothermie
bereits bei den Neugeborenen ausgeprigt; schon unmirttelbar nach der Geburt halten
sie ihre hohe Korpertemperatur konstant und sind auch bei Kilteeinwirkung thermo-
stabil. BRUCk und WUNNENBERG (1965) zeigten, daf§ sie bei 8° C eine Stunde lang ihre
Korpertemperatur wie die Erwachsenen bei 39° C regulieren, und daf sie schon nach
der Geburt iiber eine erhebliche zitterfreie Thermogenese verfiigen.

Neben diesem Vertreter der Cavioidea verdienen die in den Anden Chiles (bis
3000 m) lebenden und heute weitgehend ausgerotteten Chinchillas besonderes Inter-
esse. Trockenheit, extreme Temperaturunterschiede sowie ein oft sparliches Nahrungs-
angebot fordern Anpassungsvermdgen und besondere physiologische Leistungen. Eine
erhebliche Konzentrierungsleistung der Niere (ihnlich wie bei Wiistennagetieren) deu-
tet bereits auf eine Spezialisierung hin (WEeisser et al. 1970; BeLLami 1972; McManus
1972). Die Stoffwechselsteigerung bei Kilte ist entsprechend der guten thermischen
Isolation geringer als bei anderen Nagetieren (Drozpnz 1967). Seit Jahrzehnten wer-
den Chinchillas erfolgreich geziichtet. Uber den Grad der homoiothermen Reaktion
ihrer Neugeborenen gibt es jedoch keine Untersuchungen. Drei Fragen standen deshalb
im Vordergrund:

1. Die Korpertemperatur der Neugeborenen und der Jungen im Verlaufe der Ent-
wicklung. Es zeigte sich, dafl die KSrpertemperatur der groffen und schon dicht be-
haarten Neugeborenen bereits dem Niveau der erwachsenen Chinchillas entspricht.
Sie dndert sich auch im Verlaufe der Jugendentwicklung nicht mehr wesentlich.

2. Die homoiotherme Reaktion bei verschiedenen Umgebungstemperaturen. Exposi-
tion bei Kalte verursacht bei den jungen Chinchillas nur in den ersten Lebenstagen
einen geringen Riickgang der Korpertemperatur. Spitestens von der dritten Lebens-
woche an bleibt sie auch bei anhaltender Kilte stabil. Nur die Extremititen und
die groflen Ohrmuscheln werden erheblich abgekiihlt. Durch thermoregulatorisches
Verhalten wird die wirmeabgebende Korperoberfliche vermindert. Weniger stabil
erwiesen sich die jungen Chinchillas gegentiber Hitze. Bei Umgebungstemperaturen,
die iiber dem Niveau der Korpertemperatur liegen, tritt rasch Hyperthermie ein.
Wie verschiedene andere Nagetiere (Harez 1964) versuchen auch die Chinchillas
durch engen Kontakt mit der Unterlage ihren iiberhitzten Korper zu entwirmen.
Die Blutgefifle in den Ohrmuscheln werden stark erweitert. Solange das Gefille
zur Umgebungstemperatur besteht, ist auch auf diesem Wege noch eine Entwir-
mung moglich. Nach den Untersuchungen von WiLcox (1950) und SeeLe (1968)
sind keine Schweifidriisen vorhanden. Die jungen Chinchillas sind somit gegeniiber
tiefen Umgebungstemperaturen widerstandsfahiger als gegeniiber hohen. Dies ent-
spricht ihrer Lebensweise, bei der sie vor hohen Extremtemperaturen weitgehend
gesichert sind.

3. Die tdgliche Variation der Korpertemperatur. Unter den Bedingungen eines ge-
mifigten Mikroklimas zeigt sich die Variation im Wechsel zwischen Ruhe und
Aktivitit, Der Spielraum ist jedoch bei den Jungen (2,4° C) nicht wesentlich grofler
als bei den Erwachsenen (2,1° C).

Neugeborene Chinchillas gehdren somit wie die neugeborenen Meerschweinchen zu den

thermoregulatorisch aunsgereiflen Jungen. Die Entwicklung zur Homoiothermie voll-

zieht sich bei ihnen schon wihrend der spiten Embryonalphase. Beide Arten reprisen-
tieren schon am 1. Lebenstag den Typus des ,Nestfliichters“. Im Verlaufe ihrer post-
natalen Entwicklung festigt sich die homoiotherme Reaktion noch erheblich. Die bis-
herigen Beobachtungen und Untersuchungen iiber den Entwicklungsgrad, die Tempe-
raturregulation und das Verhalten der jungen caviomorphen Nagetiere 1t vermuten,
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dafl diese ganze Gruppe schon wihrend ihrer frithen Stammesgeschichte einen hohen
Grad an homoiothermer Organisation erlangte. Auch die Tatsache, daf} bisher bei
keinem Vertreter dieser Nagetiere Winterschlaf oder Torpor beobachtet wurde, ob-
wohl die okologischen Bedingungen in einigen Fillen sicher gegeben wiren (Capr
1964), zeigt, dafl sie als Homoiotherme bereits ein Endstadium in ihrer stammesge-
schichtlichen Entwicklung erreicht haben.

Zusammenfassung

Die Temperaturregulation von vier neugeborenen und jungen Chinchillas wurde untersucht.
Die Kérpertemperatur der relativ grofien Neugeborenen (etwa 10 %o des Adultgewichtes) ent-
spricht bereits dem Niveau der Erwachsenen. Sie dndert sich auch im Verlaufe der Jugend-
entwicklung nicht wesentlich (Mittel 36,6 *+ 0,5° C). Kilteexposition verursacht bei den Neu-
geborenen nur einen geringen Riickgang der Kérpertemperatur. Von der dritten Lebenswoche
an bleibt dic Kérpertemperatur auch bei 0° C stabil. Nur die Extremititen und Ohren kiihlen
dabei stark aus. Durch thermoregulatorisches Verhalten schrinken die jungen Chinchillas die
Auskiihlung des Rumpfes ein. Bei hohen Umgebungstemperaturen geraten sie rasch in Hyper-
thermie. Auch hier versuchen sie durch Verhaltensreaktionen der Uberhltzung entgegenzu-
wirken. Eine starke Erweiterung der Blutgefifie in den Ohrmuscheln steht im Zusammenhang
mit der erhdhten Korpertemperatur. Bei einer Korpertemperatur von 43° C tritt eine véllige
aber noch reversible Erschlaffung der Skelettmuskulatur ein. Die tigliche Variation der Kor-
pertemperatur ist bei den jungen und adulten Chinchillas unter gemifligten Klimabedingungen
kleiner als 2,4° C. Neugeborene Chinchillas sind wie die neugeborenen Meerschweinchen ther-
moregulatorisch bereits ,ausgereift”. Wahrscheinlich erlangten alle caviomorphen Nager schon
in ihrer frithen Stammesgeschichte einen hohen Grad an homoiothermer Organisation.

Summary

Post-natal growth and temperature regulation in the Chinchilla (Chinchilla laniger
Molina, 1782)

Temperature regulation in 4 newborn and infant Chinchillas was studied for a period of
124 days after birth. The body temperature of the large newborns (about 109 of adult
weight) and infants (36,6 £ 0,5° C) agrees already with that of the adults. It does not
essentially change during post-natal growth. Exposition to cold (6° C) caused in newborn
Chinchillas only a small drop in body temperature. 3 weeks after birth body temperature was
completely stabilized, even at 0° C. Only peripheral organs (legs and ears) were rather cool.
Young Chinchillas prevent cooling of their trunk by thermoregulatory behavior (spherical
form). At high ambient temperatures young Chinchillas soon show signs of hypothermia. They
also try to prevent overheating by regulatory behavior. An enlargement of the vascular plexus
in the big ears is correlated with high body temperatures and may assist thermoregulation.
At a body temperature of 43,0° C one Chindchilla showed a total but reversible relaxation
of skeletal muscles. The daily variation of body temperature in young Chinchillas is similar
to the adults and less than 2,4° C. Newborn Chinchillas are like newborn guineapigs in that
they are thermoregulatorily “mature”. Probably all caviomorph rodents already rcached a
high degrec of homecothermic organisation during their carly phylogenetic development.
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Tooth wear as an indication of age in Badgers (Meles meles L.)
and Red Foxes (Vulpes vulpes L.)

.
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Introduction

The examination of tooth wear has been an established method of age estimation of
wild mammals for quite a long time. Particularly in wildlife management circles
elaborate schemes of successive wear stages of the lower molars are used to determine
the age of several species of deer in order to get some idea of the population structure.
Similar but less elaborate age-wear schemes have been used in estimating age in various
other mammals, such as Stoats, Mustela erminea L. STROGANOW 1937), Gray Foxes
Urocyon cineroargenteus (Schreber) (Woop 1958), Red Foxes, Vulpes wvulpes L.
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(STUBBE 1965), Badgers, Meles meles L. (STuBBE 1965) and Pronghorns, Antilocapra
americana (Ord) (Dow and WriGHT 1962). All authors concerned base their method
of age determination on the assumption, that during life the teeth are gradually
abraded by constant use, which in it self seems a sound assumption. However, to be
of use as a reliable age indicator the wear of the teeth should be more or less similar
and synchronic in all individuals of a population. This vital condition has not been
taken into account in the past because most authors did not have any information
on the relation between real age and estimated age, as they lacked a sufficient number
of known age animals.

Recently, however, Rieck (1970) compared the wear of the molars of marked (and
consequently known age) Roe Deer (Capreolus capreolus L.) with the schemes con-
structed by his fellow countrymen NeHrRING (1903, after Rieck 1970) and BranpT
(1907, after Rieck 1970). He found that 809/ of the animals was aged accurately
with the tooth wear schemes. The same was done by Keiss (1969) with Elk (Cervus
canadensis Erxleben), but his percentage aged accurately appeared to be only 50 %s.
GraU et al. (1970) acquired an accuracy of 839/ with the tooth wear method applied
in known age Raccoons (Procyon lotor L.), which were raised on a farm.

KEerwIN and MitcHELL (1971) studied the toothwear of Pronghorns, Antilocapra
americana (Ord), which had been objectively aged by analysis of the growth layers
in the cementum of their teeth. (A complete survey of this method and its reliability
1s given by KrEvEzAL and KLEINENBERG, 1969). KErwiN and MitcheLL (l. c.) found
a 619%/o accordance. The same was done by Erickson et al. (1970) with Mule Deer,

Fig. la. Tooth wear age stages of Badgers, Meles meles L., designed by Stusse (1965). —
Fig. 1b. Tooth wear age stages of Red Foxes, Vulpes vulpes L., designed by Stusse (1965)
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Odocoilens hemionus (Rafinesque) and by Giiert and Stort (1970) with Maine
White-tailed Deer, Odocoilens virginianus (Zimmermann). These authors found 38
to 63 %/o, viz. 60 °/o accordance between cemental growth layers and tooth wear.

The present paper deals with the reliability of the age determination by studying
the tooth wear in Badgers (Meles meles L.) and Red Foxes (Vulpes vulpes L.). The
material used for this study consisted of 70 skulls of Badgers, 41 of which were from
the eastern and southern parts of the Netherlands, the remainder being from the west
of France, and of 176 skulls of Red Foxes, 79 of which were from the Netherlands
(mostly from the Veluwe area) and 97 from the western and southern parts of France.
All material is deposited in the Zoological Museum of Amsterdam (ZMA). The
objective age of all specimens was assessed by using the variant of the dentin layer
method designed by StirLING (1969), which consists of cutting the (canine) teeth in
half, polishing and etching the cut surface and staining it with toluidin blue. The
results of the analysis of the dentin growth layers are compared with the tooth wear
schemes designed by Woop (1958) and STussE (1965).

Thanks are due to Dr. J. L. van Haarren and Drs. D. Kruizinca of the Netherlands’
Research Institute for Nature Management for supplying the material from the Netherlands,
and to Prof. Dr. J. A. Rioux of the University of Montpellier and Mr. F. CHANUDET of the
Muséum d’Histoire Naturelle at La Rochelle for collecting and donating the French material.
Mr. L. A. vaN pER Laan took care of the photographic reproduction.

Objective age and tooth wear in Badgers

As the available Badger material was rather limited the skulls from France and from
the Netherlands were considered together. Figure 1a, which has been copied from
STuBBE (1965) represents the scheme for the wear of the first molar (M!) and the lower
incisors. STUBBE (1965) estimated Badgers with wear stage I to be 7—9 months old;
stage 11 is supposed to occur in animals 19—21 months old; stage 1II 31—33 months
old; stage IV—VI over 33 months old. The narrow range of the different stages is
caused by the fact that STUBBE’S

animals were all captured in the —
fall Wearor M'

The present material is from all
months of the year, so the scheme
of Stussk (l. c.) had to be modi- 1
fied. Stage I is considered to repre-
sent animals of 0—12 months old, @
stage I1 12—24 months old, stage IIT - ° .
24-36 months and stage IV-VI | 0 0
over 36 months old. The tooth - &=
wear age estimated in this way is W
compared with the objective age as
it was established by way of the
dentin layer method. From fig. 2,
which represents this comparison,
it is clear that, although a general N

correlation between tooth wear age — 4

and objective age is not to be . . . .
denied, a large part of the material Fig. 2. Comparison of tooth wear age (vertical axis)

d 1 ieh th h and number of dentinal annuli (horizontal axis) in
was aged wrongly with the toOth  Badgers, Meles meles L. from the Netherlands and
wear method. Compared in detail France

B 688
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590/o was aged correctly, allowing for the fact that Stusse (I. ¢.) did not specify
age groups over 36 menths old, although his stages V and VI suggest a further
wear-age relation.

Extreme disagreement has been found in ZMA reg. no. 4062, 8705 and 10985,
which were classed in wear stage I1, although their objective age appeared to be 60—67
months. A point of interest is the phenomenon of unequal wear of the molars in both
halves. In a number of cases the wear stage of a specimen had to be averaged as left
and right molars did not concur.

Objective age and tooth wear in Red Foxes

Fairly ample material from both the Netherlands and France was available, so the two
collections were considered separately. Figure 3, which was copied from Woop (1958),
represents the wear scheme for Gray Fox first upper molars. Five age groups are
distinguished: O (0—12 months old), I (12-24 months), II (24—36 months), I1I
(36—48 months) and IV (over 48 months). STusse (1965) adapted this scheme to his
material of Red Foxes, limiting the number of age groups to four (fig. 1b): T (8—10
months old), IT (20—22 months), 111 (32—34 months) and IV (over 36 months). As the
material upon which the present study is based, was captured in all months of the
year, and not as STUBBE’s material only from the fall, Woop’s scheme (1958) was
chosen to be compared with the objective age as it appeared from the dentin layers.
From figure 4, which represents the comparison between tooth wear and objective
age in Red Foxes from the Netherlands, and figure 5, which represents the same in
Red Foxes from France, similar conclusions can be drawn as with the Badgers: a
general correlation is apparent, but many specimens have been aged wrongly with
the tooth wear method. Only 359/ of the Red Foxes from the Netherlands and 47 9/¢

of the french were aged in accordance with

o . their objective age.

Noteworthy  disagreements  between
tooth wear age and real age have been
observed in ZMA reg. no. 8710 (8 months
old and tooth wear stage II), no. 8763
(12 months old and tooth wear stage III)
and no. 15414 (24 months old and tooth
wear stage V). Most disagreements, how-
ever, did not exceed the period of one year.

Discussion

From the results presented inh this study
and those of KErwIN and MiTcHELL (1969),
KEeiss (1971), a. o., it must be concluded
that the tooth wear method in general is
an unreliable method to asses the age struc-
ture of a population sample. The great
variability in the wearing process is
probably due to such factors as the genetic
BHARED T e e oF G Gy background of tbe‘ individuals, the size of
Foxes, Urocyon cineroargenteus (Schreber),  the litter they originated from, the structure

designed bei Woon (1958) and the calcium content of the food taken




